In 1989,29 of 240 drylot Holstein cows from a New Mexico dairy aborted over a 5-month period. 11 Seven of the 9 fetuses examined had multifocal necrotizing encephalitis and multifocal myocarditis. Neospora-like protozoa were found in tissues from 3 of the fetuses. More recently, a protozoan that reacted positively with anti-N. caninum serum was identified as the most common cause of abortion in California dairy cattle. 1, 2 Many of these abortions were epizootic, with multiple abortions over a 1 -or 2-month period. 1 Abortions 6, 10 and congenital infections 3, 5 in calves infected by a Neosporalike protozoan have been reported in the United States, but these were isolated cases involving only a single calf in each herd. This protozoan has never been isolated, so its exact identity remains unknown. Recent studies indicate that the organism is closely related to N. caninum, but some ultrastructural and antigenic differences exist between the bovine parasite and N. caninum isolated from dogs. 2, 3 Except for a single case of abortion in a beef cow from Maryland, 6 the cases of fetal and congenital neosporosis previously reported from the United States are from the western states of New Mexico, 11 Califomia 1-3 and Washington. 5, 10 Nineteen additional cases of bovine abortion associated with Neosporalike infection that were submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory (SDADRDL) are herein reported.
Specimens from cases of bovine abortions that are submitted to the SDADRDL undergo a routine protocol of testing to determine the cause of the abortion. Entire animals are necropsied and samples of brain, heart, lung, liver, kidney, placenta, tissues with gross lesions, and, since February 1991, skeletal muscle are fixed for histopathologic examination. Abomasal fluid is cultured for aerobic and microaerophilic bacteria and fungi. Scrapings of placenta are digested with potassium hydroxide and examined for fungal hyphae by a direct, nonspecific fluorescent antibody (FA) technique. 7 If hyphae are found, the placenta is cultured for fungi. Impression smears of kidney are examined by a direct FA technique for 6 serovars of Leptospira. 9 Direct FA tests are performed on frozen sections of kidney and spleen for infectious bovine rhinotracheitis (IBR) virus and bovine viral diarrhea (BVD) virus. Pools of brain, lung, liver, kidney, and spleen are homogenized and inoculated onto primary cultures of fetal bovine lung and turbinate cells for virus isolation. When received, a homogenate of placenta is inoculated by itself onto the same cell lines. Formalin-fixed paraffin-embedded [1] [2] [3] [4] . Tachyzoites were found in tissues from all fetuses, except case number 5 in which a single cyst was found in a section of brain. In addition to tachyzoites, cysts were found in sections of brain from 4 fetuses. No positive evidence of infection by other agents known to cause bovine abortion was found in 17 of the 19 fetuses. Bovine herpesvirus-4 (BHV-4) was isolated from the placenta of case 7, and BVD virus was isolated from the pool of fetal tissues from case 9.
As in the reports from California and New Mexico, 1,2,11 the majority of the fetuses in this study were between 4 and 6 months gestation. All fetuses necropsied at SDADRDL were autolyzed and did not contain significant gross lesions other than those due to autolysis. The histologic lesions were similar to those described in other reports of Neospora-like abortion. 1, 2, 6, 11 The most common histologic lesions were multifocal nonsuppurative encephalitis ( Fig.1) , myocarditis, myositis, and hepatitis. Less often, chronic inflammation was found in lung, kidney, and placenta. In addition, multifocal necrosis was invariably present in sections of affected brain ( Fig. 1 ) and occasionally in sections of liver, lung, and placenta ( Fig. 4 ). Protozoa were found in hematoxylin and eosin (HE)-stained sections of tissues from only 4 of the affected fetuses. In all instances, protozoa were rare and extremely difficult to find in HE-stained sections. Tachyzoites were found in only 2 of 11 HE-stained sections of brain from case 1. One group of tachyzoites was found in a section of brain from case 2, but organisms were not found in 8 HE-stained serial sections cut from the same block at a later date. In most cases, immunohistochemical staining makes finding the organisms much easier, 1,2 but even with this staining the organisms were not easily found because there were so few of them. Of 19 serial sections of brain from case 1 that were immunohistochemically stained for N. caninum, positivestaining organisms were found in only 1 section. Immunoperoxidase staining was not done on all tissues with histologic lesions; but in cases where 2 or more tissues with lesions were stained for N. caninum, positive-staining organisms were uncommon in all tissues. Occasionally, when sections from the same block were cut and stained at different times, Neospora-like protozoa were found in only 1 set of sections. An additional fetus with histologic lesions of a Neospora-like protozoan was submitted from each of 2 herds in which fetal Higher magnification of brain from the calf in Fig. 1 showing a cluster of 12 extracellular Neospora -like tachyzoites (arrowheads). HE stain. Figure 3 . Higher magnification of the brain in Fig. 1 showing a cluster of tachyzoites (arrow) that stain immunohistochemically positive using antiserum to N. caninum. Avidin-biotin immunohistochemical stain. neosporosis was diagnosed. Even though protozoa1 tachyzoites were found in HE-stained sections of heart from 1 of the fetuses, immunoperoxidase-positive staining was not detected in tissues from either fetus. These results are further evidence that the number of organisms in the fetal tissues is small and that they can be easily missed.
Case 1 was submitted to SDADRDL in 1989. The remaining 18 cases were included in a group of 655 bovine abortion cases submitted between December 17, 1990 and October 31, 1991. In these 655 cases, the Neospora-like protozoan was the fourth most prevalent infectious agent identified (2.7%); BVD virus (7.5%), Actinomycespyogenes (4.3%), and fungi (2.9%) were more prevalent. Similar to the report from California where only Holstein fetuses were affected, 1 18 of the 19 fetuses in this study were of a dairy breed (Table  1 ). Because 89% of the bovine abortion submissions to the California Veterinary Diagnostic Laboratory System were from dairy cattle, 1 the preponderance of the protozoa1 abortions were expected in dairy cattle. However, at SDADRDL only 34% of the 451 submissions for which a breed was specified were from dairy cattle. The Neospora-like protozoan was the most common agent identified in dairy fetuses submitted during this period.
In California, fetal Neospora-like protozoan infection was often associated with the occurrence of several abortions in a period of a few months. 1 Similarly, 12 of the 15 herds identified in this report from which fetuses came had histories of multiple abortions in the previous l-6 months. The incidence of abortion in these herds ranged from 3% to > 12%. Bovine herpesvirus-and BVD virus were isolated from cases 7 and 9, respectively. Both viruses have been associated with bovine abortion, 4, 12 and therefore they may have played a role in the abortions in these 2 herds. During 1989 and 1990, other causes of abortion (BHV-4, Actinomyces pyogenes, fungal placentitis) also were identified in other fetuses from the herd from which cases l-5 originated, but only the Neosporalike protozoan was identified in the fetuses submitted during 1991. Four of the herds also had a history of abortion of mummified fetuses. However, in all of the mummified fetuses examined from these herds the tissues were severely autolyzed and there was a lack of cellular detail in histologic sections. Immunoperoxidase staining was performed on tissues from 3 of the mummified fetuses. In 2 of these fetuses, a high degree of background staining inhibited interpretation. In the third fetus, immunoperoxidase stains were negative. The cause for fetal mummification was not identified in any of the cases, and the role of the Neospora-like protozoan remains unknown.
The Neospora-like protozoan is an important cause of abortion in dairy cattle, not only in the western United States, but also in the upper Midwest and, most likely, the rest of the continental United States. Histologic examination and immunoperoxidase staining of fetal tissues, especially the brain, are currently the only means of diagnosis.
